ABSTRACT The variation in heart rate (HRV) at rest and during deep breathing (6 cycles a minute) of 88 professional lumber jacks was studied using a computer technique. The traditional indexes of HRV (CV, CVS, MEAN) were calculated and the spectral components of the HRV were also computed. There was a significant difference (p < 0001) between the HRV indexes during the deep breathing test in those with the shortest (CV = 10 1 + 11) and those with the longest (CV = 6-2 + 04) exposures to vibration. The values of the HRV indexes decreased with age, but multiple regression analysis showed that the total exposure time to vibration had an independent negative association with the HRV. There were significant differences in all the frequency bands (frequency related power, FRP) of the heart rate between those with the longest and those with the shortest exposures. The HRV during a deep breathing test is associated with the activity of the parasympathetic nervous system and is decreased in autonomic neuropathies. Our results suggest that prolonged exposure to the vibration caused by a chain saw has a negative effect on the parasympathetic activity and thus causes autonomic dysfunction.
The vibration syndrome is composed of attacks of vascular spasms in the cold, numbness of the most affected hand, decreased muscular force, and pains in the hands and arms.'`3 The vascular spasms mimic the attacks seen in Raynaud's disease and have been considered to be due to activation of the sympathetic vasoconstrictor reflex4 through a malfunction of the central autonomic nervous system.5 Symptoms of autonomic dysfunction such as disturbances in sweating, orthostatic hypotension, sleep disturbances, and impotence have been reported to be more common among workers exposed to vibration than among referents in Japan.6 In some countries the autonomic symptoms have been classified as part of the vibration syndrome .7 In clinical neurology the responses of cardiovascular reflexes have been used to examine the function of the autonomic nervous system.'0'-2 In the present study the changes in heart rate at rest and during deep breathing were measured using computer techniques. The aim of this study was to see whether measurable, objective findings of dysfunction of the autonomic nervous system could be detected among workers exposed to occupational vibration.
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We studied 217 forestry workers of one employer. Eighty eight professional forestry workers (mean age 43.7 + 8-0, range 29-58) exposed to vibration were selected for cardiovascular tests'3; their average total sawing time was 168 9 + 43-0 x 102 hours. The studies were carried out during the annual compulsory health examination and men with diabetes, collagenous diseases, and hypertension were excluded.
A medical history of general health and of symptoms of autonomic nervous system functions was taken and an inquiry into the occurrence of vasospastic episodes was made. From the medical history it was calculated that their mean annual intake of absolute alcohol was 3-6 + 4-5 kg.
The following series of cardiovascular tests was carried out: the subject lay quietly supine for five minutes after which a bipolar ECG was recorded and stored on an FM tape recorder (Racal, Hythe, Southampton, England). The subject then breathed deeply according to preselected audible instructions given from a tape recorder. A rate of six respiratory cycles a minute (inspiration = expiration = 5 seconds) was used since this frequency has been reported to arouse maximal sinus arrhythmia in normal subjects. 4 Autonornic neuropathy and vibration exposure in forestry workers In the analysis phase the ECG was played back eight times at real time, the ECG signal was amplified, and band-pass filtered. The R waves of the QRS complex were triggered by a voltage threshold trigger. The generated trigger pulses were measured and fed into a minicomputer (Eclipse c/1 50, Data General, West- boro, Massachusetts, USA) with the clinical data. The R-R interval vectors were trend corrected using a sixth degree polynomial trend correction. For a visual quality control of the event detection the instantaneous heart rate was in each case plotted by the computer (fig 1) . Cases with ectopic cardiac arrhythmias were excluded. The following indexes were used to measure the HRV"5: the MEAN, RMSM, RMSSD, CV, CVS* of the R-R interval data on the resting state and deep breathing test.
*Indexes used to measure the variation in heart rate: MEAN = Mean length of R-R intervals, ms. RMSM = Root mean square of the differences from the mean R-R interval, ms; index of overall variation. RMSSD = Root mean square of the successive R-R interval differences, ms; index of beat to beat variation. CV = Coefficient of overall variation; = 100 x RMSM/MEAN (%). The prevalence of Raynaud's phenomenon among the forestry workers was 28%. If those who had not experienced an attack of Raynaud's phenomenon for two years were excluded, however, the prevalence of an active Raynaud's phenomenon was 7%. The exposure to vibration increased with age and there was a highly significant difference in the total sawing time between the oldest and the youngest group of forest workers (145 3 + 7-6 and 191 4 + 9 4 p < 0-0001). The total exposure time and age were highly significantly correlated (p < 0-0001).
The HRV decreased with age and there was a significant difference in the HRV between the three age groups. The difference in the CV and CVS during the deep breathing test was highly significant (p < 0 0001) between the youngest (28-40) and the oldest (50-58) groups (table 1). The heart rate did not vary significantly between the age groups.
There was a significant difference in the HRV indexes during the deep breathing test when the whole forestry worker group was divided into three subgroups according to total vibration exposure time (table 2) .
To examine the effect of the vibration exposure time on the HRV indexes a multiple linear regression analysis was carried out (table 3) . The mean R-R interval did not correlate with either age or total saw- Table 1 28 908-0 + 27-3 6-2 + 0 4*** 3.7 + 0 3*** Table 3 Relation of total vibration exposure time (sawing time) and age of theforestry workers to the mean R-R interval length (MEAN) and to the HRV indexes (CV, CVS The spectral analysis using the fast Fourier transformation was carried out on the R-R interval data obtained at rest and during the deep breathing test enabling the various spectral components of the heart rate variation to be visualised (fig 1) . The whole frequency area ranging from 0-025 Hz to 0-4 Hz was divided into eight bands, each 0 05 Hz wide. The "power" of variation within each band was calculated and called "frequency related power" (FRP). The FRPs in the various frequency bands were compared between the subgroups obtained by dividing the whole group according to age, total exposure time, the occurrence of traumatic vasospastic episodes, and the amount of alcohol consumed.
The FRPs in the resting state decreased with age in all the frequency bands studied (0 05-0 4 Hz). There was a significant difference between the FRPs of the youngest and the oldest group between the frequencies 0 05-0 35 Hz (fig 2a) . In the deep breathing test there was a strong gathering of power around the stimulation frequency (0 1 + 0-025 Hz). There were significant differences in the FRPs between the youngest and the two older age groups, but the differences were not so great as between the two latter ones (fig   2b) . When the subjects were divided into three subgroups according to the total sawing time, there were significant differences (p < 0-05) between the FRPs of those with a total vibration exposure time of less than (fig 3) . The division of the subjects into between the sympathetic and parasympathetic activity of the autonomic nervous system may be studied by measuring the variability in heart rate under different conditions. During respiration the heart rate rises during inspiration and begins to fall at the end of Heinonen, Farkkila, Forsstrom, Antila, Jalonen, Korhonen, Pyykkd it and during expiration.14 It is dependent on the afferent information from the stretch receptors in the lungs and the mechanoreceptors in the right atrium.18 This respiratory arrhythmia may be abolished by giving atropine"9 and is thus mostly vagally mediated.
Measuring the respiratory arrhythmia gives information on the parasympathetic activity. The variability in heart rate (HRV) has been widely used to evaluate the function of the autonomic nervous system in diabetic patients and in other conditions where damage occurs to the peripheral nerve fibres.'0- 12 [19] [20] [21] In our study the HRV decreased with age, which is a physiological phenomenon.22 According to the multiple linear regression analysis the total vibration exposure time had an independent decreasing effect on the HRV indexes during the deep breathing test but not at rest. This indicates that prolonged exposure to vibration caused by a chain saw possibly has a depressing effect on the parasympathetic activity. This conclusion was reached because the respiratory arrhythmia is mostly vagally mediated. It could be postulated that a prolonged bombardment of the central nervous system with the afferent information from the Pacinian mechanoreceptors in the hand arm system causes dysfunction of the autonomic nervous system by increasing the activity of the sympathetic nervous system. The cardiovascular measurements were made at least 16 hours after occupational exposure to vibration, thus acute stress effects of vibration were excluded.
The relevance of vibration induced central dysfunction in the autonomic nervous system has been debated by Bruyn.23 Matoba et al report that digital plethysmographic responses to auditory stimuli were delayed in patients with the vibration syndrome, suggesting a disorder of the autonomic nervous system. 24 Our findings, a negative association between variability in heart rate and a prolonged exposure to vibration caused by a chain saw, indicate that occupational vibration may cause autonomic dysfunction. Further studies are needed to confirm this relation, because purely correlational studies do not separate accurately enough the effects of age and the total exposure time from each other.
